Study on Performance of Highly Efficient Cr4+:Y3Al5O12 Passively Q-Switched Yb:Y3Al5O12 Microchip Lasers by 王光宇
  
学校编码：10384                                分类号密级 













高转换效率的 Cr4+:Y3Al5O12被动调 Q 
Yb:Y3Al5O12微片激光器性能研究 
Study on Performance of Highly Efficient Cr4+:Y3Al5O12 




指导教师姓名：董 俊 教 授 
专  业 名 称：光 学 工 程 
论文提交日期：2015年 4 月 
论文答辩时间：2015年 5 月 
学位授予日期：2015年 6 月 
 
 
答辩委员会主席：             
评    阅    人：             




























































（    ）1.经厦门大学保密委员会审查核定的保密学位论文，于    
年  月  日解密，解密后适用上述授权。 

























激光二极管（laser diode，LD）泵浦的被动调 Q 固体激光器输出的脉冲激光
峰值功率高、脉冲序列短、重复频率高、光束质量高，而且体积小、寿命长、稳
定性好，在激光点火、材料加工、激光医学等方面具有巨大的发展前景。本文首
先介绍了高转换效率的 LD 泵浦的被动调 Q 固体激光器的研究背景和发展前景，
接着概述了 LD 泵浦的被动调 Q 固体激光器的工作原理及组成部分，依次介绍了
激光二极管、Cr4+:Y3Al5O12（Cr4+:YAG）晶体和 Yb3+:Y3Al5O12（Yb3+:YAG）晶
体。接着，总结和回顾了掺 Yb3+离子材料作为激光增益物质的被动调 Q 激光器





率。W.Z. Zhuang 用钻石表面冷却的方法获得了 25%的光-光转换效率，这是无钻
石冷却条件下的转换效率的 3 倍。采用钻石或蓝宝石等热传导性能好的材料进行
散热或采用低温冷却系统对激光器进行控温使激光器的结构变得更加复杂，这与
被动调 Q 固体激光器集成化、小型化的趋势及前景不符。 
在 Yb:YAG 晶体中共掺 Cr4+离子后，Cr,Yb:YAG 晶体的荧光寿命随 Cr4+离子
的掺杂浓度的增大而减小。并且，由于 Cr4+:YAG 晶体在 800 nm ~ 1300 nm 具有




输出效率更低，甚至不能产生激光。采用 Yb:YAG 强化 Cr,Yb:YAG 的方法，
Yb:YAG 吸收大部分的泵浦光，Cr,Yb:YAG 晶体吸收残余的泵浦光，同时发挥被
动调 Q 作用，可增大增益介质对泵浦光的吸收效率，提高反转粒子数。 
本文在室温下实现了极高转换效率的 940 nm 高亮度单管 LD 泵浦的
Cr4+:Y3Al5O12被动调 Q Yb:Y3Al5O12微片激光器及高转换效率的 940 nm 准连续















自调 Q 微片激光器。 
采用中心波长为 940 nm 的高亮度单管激光二极管作为泵浦源，采用厚度为
1.2 mm、Yb3+掺杂浓度为 10 at.%的 Yb:YAG 晶体作为增益介质和厚度为 1.5 mm、
初始透过率为 95%的 Cr4+:YAG 晶体作为被动调 Q 开关，研究了 Cr4+:Y3Al5O12
被动调 Q Yb:Y3Al5O12微片激光器的性能。在输出耦合镜（OC）透过率 Toc为 40%





首次采用波长为 940 nm 的准连续激光二极管作为泵浦源，采用厚度为 1.2 
mm、Yb3+掺杂浓度为 10 at.%的 Yb:YAG 作为增益介质，采用厚度为 0.5 mm、
Yb3+掺杂浓度为 10 at.%、Cr4+:YAG 初始透过率为 94%的 Cr,Yb:YAG 晶体作为增
益介质和被动调 Q 开关，研究了 Yb:Y3Al5O12强化 Cr4+,Yb3+:Y3Al5O12自调 Q 微
片激光器的激光特性。当输入泵浦能量为 48.2 mJ 时，输出激光的能量是 11.7 mJ，
光-光转换效率是 24.3%。通过实验系统地研究和分析了泵浦脉冲宽度、泵浦功
率和泵浦重复频率对激光性能的作用和影响，研究结果说明采用准连续激光二极

























Laser-diode (LD) pumped passively Q-switched microchip solid-state lasers are 
miniature and compact lasers with high repetition rate, high peak power, short pulse 
width and superior beam quality, which can be widely used in laser ignition, materials 
processing, medical science and so on. This thesis firstly introduced the research 
background and application prospects of highly efficient LD pumped passively 
Q-switched solid-state lasers, followed by the overview of LD pumped passively 
Q-switched lasers including laser diode, Cr4+:Y3Al5O12 crystal and Yb
3+:Y3Al5O12 
crystal. The development of passively Q-switched lasers based on Yb3+-doped laser 
materials and enhancement of Cr4+,Yb3+:Y3Al5O12 self-Q-switched solid-state lasers 
by bonding Yb3+:Y3Al5O12 laser materials were reviewed and summarized. 
As the pump power increases, there exists a significant thermal effect in Yb:YAG 
crystal. Rising of temperature makes the particle population of the lower level wax 
dramatically for its quasi-three-level property, therefore limiting lasers’ optical-optical 
efficiency. 
Increasing the pump power intensity or decreasing the gain medium’s 
temperature can effectively improve lasers’ optical-optical efficiency. W.Z. Zhuang 
used the method of diamond surface cooling and achieved efficient laser output. The 
optical-optical efficiency is 25% while the efficiency without the diamond cooling is 
just 8.3%. However, by applying diamond, sapphire and other highly conductive 
materials as heat spreaders or using low temperature controlling system, lasers can 
become very complex, against the trend of compact and miniature lasers. 
After co-doping Cr4+ ion and Yb3+ ion into the YAG host, Cr,Yb:YAG crystal’s 
fluorescence lifetime declines as Cr4+ concentration increases. As Cr4+:YAG crystal 
has a broad absorption spectrum from 800 to 1300 nm, Cr4+ ion of 
Cr4+,Yb3+:Y3Al5O12 crystal absorbs so much pump power around 940 nm that the 
pump power cannot be effectively absorbed by the Yb3+ ion of Cr4+,Yb3+:Y3Al5O12 
crystal. Besides, introduction of Cr4+ ion causes Cr4+,Yb3+:Y3Al5O12 crystal to have 















the lasers. Therefore, the lasers’ efficiency is low. The higher the Cr4+ concentration is, 
the lower the laser efficiency will be. It can even not lase when Cr4+ concentration is 
extremely high. The laser performance can be enhanced by bonding Yb:Y3Al5O12 to 
Cr,Yb:Y3Al5O12 crystal. Yb:YAG crystal absorbs most of the pump power while 
Cr,Yb:Y3Al5O12 crystal absorbs the rest of pump power as well as acts as the Q 
switcher. In this way, the gain medium can effectively absorb much more pump 
power. 
In this thesis, a highly efficient Cr4+:Y3Al5O12 passively Q-switched 
Yb3+:Y3Al5O12 microchip solid-state laser was developed pumped by a 
high-brightness single-emitter LD. And an efficient Yb3+:Y3Al5O12 enhanced 
Cr4+,Yb3+:Y3Al5O12 self-Q-switched microchip solid-state laser was developed 
pumped by a quasi-continuous-wave (QCW) LD for effectively alleviating the 
thermal effect. 
With a 940 nm high-brightness single-emitter LD as pump source, a 
1.2-mm-thick, 10 at.% Yb3+ ions doped Yb:Y3Al5O12 crystal as the gain medium and 
a 1.5-mm-thick Cr4+:Y3Al5O12 with To=95% as saturable absorber, a highly efficient 
passively Q-switched Yb3+:Y3Al5O12 microchip laser has been demonstrated at room 
temperature. When Toc is 40% and the absorbed pump power（Pabs） is 3.5 W, we 
obtained the maximum average output power of 1.53 W, slope efficiency of 51% and 
the highest optical-to-optical efficiency of 44%. Besides, the effects of Pabs and Toc on 
the performance of this highly efficient Yb:YAG microchip laser were studied 
systematically. It proves that applying the laser diode of high pump power intensity as 
pump source is novel and effective to develop highly efficient passively Q-switched 
microchip solid-state lasers at room temperature. 
With a 940 nm fiber-coupled QCW LD as the pump source, a 1.2-mm-thick, 10 
at.% Yb3+ ions doped Yb:Y3Al5O12 crystal as the gain medium and a 0.5-mm-thick, 
10 at.% Yb3+ ions doped Cr,Yb:Y3Al5O12 crystal with To=94% as passive Q-switcher, 
the enhanced Cr4+,Yb3+:Y3Al5O12 self-Q-switched microchip laser by bonding 
Yb3+:Y3Al5O12 crystal has been studied with QCW LD pumping for the first time. 















and optical-to-optical efficiency of 24.3%. The effects of the pump pulse duration, 
pump power and pump repetition rate of the QCW LD on the performance of 
Yb3+:Y3Al5O12/Cr
4+,Yb3+:Y3Al5O12 microchip lasers have been studied. The QCW 
LD pumping eases the thermal effect of Yb3+:Y3Al5O12/Cr
4+,Yb3+:Y3Al5O12 
self-Q-switched microchip lasers which is beneficial for opening up passively 
Q-switched Yb:Y3Al5O12 microchip solid-state lasers with high peak power for 
various applications. 
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到激光点火所要求的 1012 W/cm2的空气击穿聚焦强度，须采用峰值功率在 MW
量级以上的高功率激光器，而 LD 泵浦的小型化被动调 Q 固体激光器正是产生这
种高峰值功率脉冲激光的理想光源。 
2008 年，H. Sakai 等[7]报道了光纤耦合的 LD 泵浦的 Cr4+:Y3Al5O12（YAG）
被动调 Q Nd:Y3Al5O12小型化激光器，它的峰值功率高达 1.2 MW，光束质量 M2 
= 1.04。2014 年，J. Dong 等[8]报道了 QCW LD 泵浦的 Yb:Y3Al5O12 /Cr4+:Y3Al5O12























































路的线间距离已降至 0. 15 mm 以下。只有使用多层电路板，才能将电路板的布
线密度提高。所以，连接多层板的微通道技术就显得举足轻重。然而通道的直径
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